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Transcription Factors GATA-4 and GATA-6: Molecular Characterization, 
Expression Patterns and Possible Functions During Goose (Anser 
cygnoides) Follicle Development 
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Abstract. The transcription factors GATA-4 and GATA-6, members of the GATA family, play an important role in ovarian 
cell proliferation, differentiation and apoptosis. In this study, the full-length coding sequences of goose GATA-4 and GATA-6 
were cloned and characterized. GATA-4 and GATA-6 consist of 1236 and 1 104 nucleotides encoding proteins with 411 and 
367 amino acids, respectively. The deduced amino acid sequences of both proteins include two adjacent zinc finger domains 
with the distinctive form (CVNC-X 17 -CNAC)-X 29 -(CANC-X 17 -CNAC) and share 84.76% identity within this domain. In 
silico prediction together with matching of the high affinity RRXS(T)Y motif revealed that the GATA-4 protein might be 
phosphorylated predominantly at S 233 , but no phosphorylation site was found in the GATA-6 protein. Real-time quantitative 
PCR analysis showed that GATA-4 and GATA-6 mRNAs were co-expressed in goose follicles, moderately expressed 
in granulosa cells and weakly expressed in theca cells. The expression level of GATA-4 mRNA in healthy follicles was 
significantly higher than in atretic follicles or postovulatory follicles (P<0.0 1), and the expression level of GATA-6 mRNA in 
healthy follicles was significantly lower than in atretic follicles or postovulatory follicles (P<0.01). The expression level of 
GATA-4 mRNA in granulosa cells was downregulated during follicle development; the peak of expression occurred in the 8-10 
mm follicles, and the lowest expression was in the Fl follicles. GATA-6 was upregulated and reached its peak expression in 
the Fl follicles. These results indicate that the molecular structural differences in goose GATA-4 and GATA-6 may be related 
to their different roles during follicle development. 
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The GATA transcription factor family is composed of six members 
(GATA- 1 , -2, -3, -4, -5 and -6). All GATA proteins contain a con- 
served DNA-binding domain consisting of two multifunctional tandem 
zinc finger domains. The carboxy-terminal zinc finger is required for 
interacting with the nucleotide sequence element WGATAR or related 
DNA cis-elements, and the amino-terminal zinc finger contributes to 
the specificity and stability of the DNA-binding [1-3]. Based on the 
similarities in their zinc finger domain sequences and spatiotemporal 
expression patterns, the GATA proteins have been divided into two 
subgroups: GATA-1, -2 and -3 and GATA-4, -5 and -6. GATA-1, -2 
and -3 are predominantly expressed in hematopoietic cells, and each 
member has been shown to be essential for hematopoietic lineage 
development [4, 5]. GATA-4, -5 and -6 are expressed in tissues that 
originate from the mesoderm and endoderm, such as the heart, liver, 
lungs, gut and gonads, and each member mediates tissue-specific 
gene expression, sex differentiation and cell proliferation [6-9]. 

Among these factors, only GATA-4 and GATA-6 mRNAs and/ 
or proteins have been detected in the healthy ovaries of adult mice 
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[ 1 0-1 2] , pigs [ 1 3] and humans [14, 1 5] . In the mouse ovary, GATA-4 
mRNA is strongly expressed in granulosa cells, moderately expressed 
in theca cells and weakly expressed in corpora lutea. GATA-6 mRNA 
can be detected in granulosa cells, is strongly expressed in corpora 
lutea and is not expressed in theca cells. In the human ovary, GATA-4 
and GATA-6 mRNAs and GATA-4 protein localize in granulosa 
cells and theca cells of both preantral and antral follicles. In the pig 
ovary, GATA-4 and GATA-6 proteins are abundantly localized in 
granulosa cells. The above studies have focused on the localization 
of GATA-4 and GATA-6 in the ovary. Functional studies have 
indicated that phosphorylation increases GATA-4 's DNA-binding 
activity and its transactivation of target genes [16-18]. However, 
little is known about the possible roles of GATA-6 and whether it 
can activate putative target genes in the ovary. 

Indigenous Chinese Tianfu geese have low egg production rates 
and produce one egg every two days during the egg-laying period 
between September and May of the next year. In addition, many 
growing follicles undergo atresia as they advance toward ovulation. 
Thus, many factors are involved in goose follicle maturation, and 
a clear understanding of the localization and possible functions of 
GATA-4 and GATA-6 during goose follicle development remain 
elusive. In this study, we cloned the full-length coding sequence of 
goose GATA-4 and GATA-6, and the phosphorylation sites in goose 
GATA-4 and GATA-6 proteins were predicted and mapped. In 
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addition, we examined the mRNA expression levels of GATA-4 and 
GATA-6 in three types of follicles (healthy follicles, atretic follicles 
and postovulatory follicles) and in the granulosa and theca cells at 
different stages during follicle development. The results should help 
to further elucidate the functional roles of the GATA family in goose 
follicle development. 

Materials and Methods 

Goose granulosa and theca cell isolation 

A maternal line of laying Tianfu geese (Anser cygnoides) was raised 
under natural temperature and light conditions at the experimental 
station of waterfowl breeding at Sichuan Agricultural University. 
Three geese with regular laying sequences were randomly selected 
as experimental samples and sacrificed by cervical bleeding post 
anesthesia at 2 h after oviposition. A pool of ovarian follicles was 
immediately collected from the abdominal cavities of the geese 
and placed in sterile normal saline. Then, the follicles were divided 
into groups according to their sizes (<2, 2—4, 4—6, 6-8 and 8-10 
mm) and stages of differentiation (follicle hierarchy: F5, F4, F3, 
F2 and Fl, according to previously reported nomenclature [19]). 
The outer connective tissue was removed from the follicles, and 
the follicles were bisected to allow the yolk and adhered granulosa 
cells to flow out. The granulosa and theca cells were isolated as 
described previously [20]. The same numbers and sizes (2-4 mm) 
of healthy and atretic follicles and all postovulatory follicles were 
selected. Then, they were washed three times with PBS, quickly 
frozen in liquid nitrogen and stored at -80 C for RNA extraction. 
All procedures in the current study were approved by the Beijing 
Animal Welfare Committee. 

RNA isolation and cDNA synthesis 

Total RNA was extracted from the granulosa cells, theca cells and 
three types of follicles using TRlzol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer's instructions. The first 
strand cDNA was synthesized from 1 u.g of total RNA using a cDNA 
synthesis kit (Takara, Otsu, Japan) according to the manufacturer's 
instructions. The newly synthesized cDNA was immediately stored 
at -80 C until further analysis of gene expression. 

Cloning the full-length coding sequences of GATA-4 and 
GATA-6 

Based on the GATA-4 and GATA-6 sequences of Callus gallus 
{GATA-4, XM_420041.1; GATA-6, NM_205420.1), Meleagris 
gallopavo {GATA-4, XM 003204620.1; GATA-6, XM 003204995.1) 
and Taeniopygia guttata {GATA-4, XM 002186806.1; GATA-6, 
XM_002194963.1) in the GenBank database, we designed and 
selected three and four pairs of gene-specific primers, respectively, 
using the DNAMAN 7.0, Primer Premier 5.0 and Oligo 7.0 software. 
PCR amplification was performed using the following conditions: 
denaturation at 94 C for 5 min; 36 cycles of 94 C for 30 sec, annealing 
at 56 C (PI), 58 C (P2), 49.5 C (P3), 60 C (P4), 61 C (P5), 61.5 C 
(P6) or, 60.5 C (P7) and extension at 72 C for 50 sec (PI) or 40 sec 
(P2, P3, P4, P5, P6 and P7); final extension for 10 min at 72 C; and 
storage at 4 C. The primer sequences and PCR product lengths are 
listed in Table 1 . The amplified products were verified by 1 .5% agarose 



gel electrophoresis and purified with a gel extraction kit (Omega, 
Norcross, GA, USA). The purified products were ligated into the 
pMD-19T vector (Biomed, Beijing, PR. China) and sequenced by 
Sangon Biotech (Shanghai) . 

Bioinformatics analysis 

We used the NCBI online ORF Finder (http://www.ncbi.nlm. 
nih.gov/gorf/gorf.html) and DNASTAR to predict the open read- 
ing frames of GATA-4 and GATA-6. The functional domains of 
GATA-4 and GATA-6 proteins were predicted by SMART (http:// 
smart.embl-heidelberg.de/). The physicochemical parameters of 
the deduced proteins were determined by ProtParam (http://web. 
expasy.org/protparam/). The phosphorylation sites in the proteins 
were predicted by Scansite 3 (http://scansite3.mit.edu/#home). The 
protein structures and functional classification were predicted by the 
ProtFun 2.2 Server (http://www.cbs.dtu.dk/services/ProtFun/). Clustal 
X 2.0 and BOXSHADE 3.21 (http://www.ch.embnet.org/software/ 
BOX_form.html) were used for multiple sequence alignments. 
MEGA 5.0 was used to construct the phylogenetic tree with the 
neighbor-joining (NJ) method. 

Gene expression measurements 

Real-time RT- PCR was conducted to detect the expression levels 
of goose GATA-4 and GATA-6 mRNAs in granulosa cells, theca cells 
and the three types of follicles using a SYBR PrimeScript RT-PCR kit 
(Takara, Otsu, Japan) in the CFX96™ Real-Time System (Bio-Rad, 
Hercules, CA, USA). Each real-time PCR reaction (in 25 ul) contained 
12.5 ul of SYBR Green JX 10.5 ul of ddH20, 0.5 ul of primers (Table 
2) and 2 ul of normalized template cDNA. The cycling conditions 
consisted of 95 C for 3 min; 40 cycles of 95 C for 10 sec, 60 C (as 
the optimal annealing temperature) for 30 sec, 68 C for 3 min, 95 
C for 1 min and 55 C for 1 min; and then final extension for 5 min. 
The specificity of the PCR products was confirmed by a melting 
curve analysis. To normalize the expression levels of GATA-4 and 
GATA-6 mRNAs in similar cDNA samples, [3-actin and ribosomal 
18S rRNAs were selected as the reference genes. Relative mRNA 
expression for GATA-4 and GATA-6 was determined using the 2*~ AACt ) 
method [2 1 ] . All reactions were performed in triplicate, and the data 
represent the means from three independent experiments. 

Statistical analysis 

All data were expressed as the mean ± SD. We conducted an 
ANOVA test to analyze the data, and the means were assessed for 
significance by Duncan's multiple range tests using the SAS 9.0 
software. A value of P<0.05 was considered a significant difference, 
and a value of P<0.01 was considered an extremely significantly 
difference. 

Results 

Cloning and sequence analysis of goose GATA-4 and GATA-6 
By sequencing and assembling the data, we obtained the full-length 

coding sequences of goose GATA-4 and GATA-6. These sequence 

data have been submitted to the GenBank database under accession 

numbers KC454275 and KC493562, respectively. 

The full-length coding sequence of goose GATA-4 consists of 1236 
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Table 1. Primers for PCR analysis 



Gene 


Primer 


Primer sequence (5 1 to 3 ) 


Product length (bp) 


Accession number 




Pl-F 


gtcacctcgcttctccttctc 


617 






Pl-R 


gcttacgcttccttgtctgaat 






GATA-4 


P2-F 
rz-K 


atgtaccagagcttagccatgg 
tccctcccgttagcagaa 


635 


KC454275 




P3-F 


tagcaatgagaaaagagg 


401 






rj-K 


ttatgccgttatgatgtc 








P4-F 


ggctctacaccaaaatgaacg 


464 






P4-R 


cagcccatcttgacctgaata 








P5-F 


cgaggaaacgaaaacctaagaa 


323 




GATA-6 


P5-R 


tcacgccagagccagggcac 




KC493562 


P6-F 
P6-R 


atgtaccagaccttggccatct 
gggtaggagccgttgagcg 


380 




P7-F 


cgctcaacggctcctaccc 


411 






P7-R 


cgttgcagacgggctaca 







F, forward primer; R, reverse primer. 



Table 2. Primers for real-time PCR analysis 



Gene 


Primer sequence (5' to 3') 


Product length (bp) 


GATA-4-F 


acaaccaccgaggaaatgcg 


188 


GATA-4-R 


ggagactggctgatggctgac 




GATA-6-F 


ccaggaagcgaaaacctaagaac 


154 


GATA-6-R 


cctgaagctgacggttgtgtg 




fi-actin-F 


caacgagcggttcaggtgt 


92 


P-actin-R 


tggagttgaaggtggtctcg 




18S-F 


ttggtggagcgatttgtc 


129 


18S-R 


atctcgggtggctgaacg 





F, forward primer; R, reverse primer; (3-actin and ribosomal 18S rRNAs 
were selected as the reference genes. 



DNA binding domain that consists of two zinc finger domains with 
the distinctive form (CVNC-X 17 -CNAC)-X 29 -(CANC-X 17 -CNAC) 
(Fig. 2A), and the proteins share 84.76% identity between the zinc 
finger domains. We found two phosphorylation sites at amino acid 
positions 87 (S 87 ) and 233 (S 233 ) in goose GATA-4, but no sites 
were found in goose GATA-6 by Scansite 3 (Fig. 2B). To map the 
relevant phospho-acceptor site, we examined the GATA-4 primary 
amino acid sequence for potential PKA phosphorylation sites, and 
the high affinity RRXS(T)Y motif was found at amino acid position 
233 (S 233 ) (Fig. 2C). This region is conserved among Gallus gallus, 
Meleagris gallopavo, Taeniopygia guttata, Homo sapiens, Bos 
taurus, Rattus norvegicus, Mus muscuhts and Danio rerio GATA-4 
proteins. In contrast, no high-affinity RRXS(T)Y motif was found 
in the goose GATA-6 primary amino acid sequence. 



nucleotides that encode a 41 1 amino acid protein with an estimated 
molecular mass of 46.3 kDa and a theoretical isoelectric point of 
9.37. A multiple alignment of the deduced amino acid sequence of 
GATA-4 is shown in Fig. 1A. The deduced goose GATA-4 amino 
acid sequence shares 93.51, 93.9 and 93.53% identity with Gallus 
gallus, Meleagris gallopavo and Taeniopygia guttata, respectively. 

The full-length coding sequence of goose GATA-6 consists of 1 104 
nucleotides that encode a 367 amino acid protein with an estimated 
molecular mass of 38.8 kDa and a theoretical isoelectric point of 
9.22. A multiple alignment of the deduced amino acid sequence of 
GATA-6 is shown in Fig. IB. The deduced goose GATA-6 amino 
acid sequence shares 74.74, 61 .44 and 54.63% identity with Gallus 
gallus, Meleagris gallopavo and Taeniopygia guttata, respectively. 
Goose GATA-6 has low identity with other birds, and the goose 
GATA-6 protein is the short type. In addition, a phylogenetic tree 
(Fig. 1C) showed that goose GATA-4 and GATA-6 are located in 
the same group with other avian species. 

Primary structure analysis of goose GATA-4 and GATA-6 
proteins 

Goose GATA-4 and GATA-6 proteins contain a highly conserved 



Expression patterns of GATA-4 and GATA-6 mRNAs in three 
types of follicles 

A SYBR Green real-time RT-PCR analysis was performed to 
determine the expression patterns of GATA-4 and GATA-6 in three 
types of follicles (Fig. 3). The assay revealed that GATA-4 and GATA-6 
mRNAs are co-expressed in goose follicles. It also revealed that the 
relative mRNA expression level of GATA-4 in healthy follicles was 
significantly higher than in atretic follicles or postovulatory follicles 
(P<0.01) and that the relative mRNA expression level of GATA-6 
in healthy follicles was significantly lower than in atretic follicles 
or postovulatory follicles (P<0.01). Finally, no significant variation 
in the relative mRNA expression levels of GATA-4 and GATA-6 
was identified between atretic follicles and postovulatory follicles. 

Expression levels of GATA-4 and GATA-6 mRNAs in 
granulosa and theca cells during goose follicle development 

To detect the expression patterns of GATA-4 and GATA-6 in 
granulosa and theca cells during goose follicle development, we 
perforated real-time PCR analysis (Fig. 4). In our study, GATA-4 
and GATA-6 mRNAs were primarily expressed in granulosa cells 
and weakly expressed in theca cells. 
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Goose GATA-4 
Gallus gallus GATA-4 
Moleagris gallopavo GATA-4 
Taeniopygia guttata GATA-4 
Hocio sapiens GATA-4 
Bos taurus GATA-4 
Rattus norvegicus GAT A- 4 

MUS fflUSCUlUS GATA-4 

Danio rerio GATA-4 
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Gallus gallus GATA-4 
Moleagris gallopavo GATA-4 
Taaniopygia guttata GATA-4 
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Rattus norvegicus GATA-4 
Mus musculus GATA-4 
Danio rerio GATA-4 
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Goose GATA-4 
Gallus gallus GATA-4 
Heleagris gallopavo GATA-4 
Taeniopygia guttata GATA-4 
Homo sapiens GATA-4 
Bos taurus GATA-4 
Rattus norvegicus GATA-4 
Mus musculus GATA-4 
Danio rerio GATA-4 



■reCTOCGAMSTPICTRDGTGHYLCXACGLYHKlWa 
^CVjKGAMSTPI«RRDGTGirrLCNACGLYHKmGIhBreLf j K^ 
^C\reGAMSTPUiRRDGTGITCI£raCGLYBTQ«GINRPI^PQ^^ 
;igCVKCGAMSTPI>,TOrX;TGHYI£mCGLYHra-«GimPffi 
' RECVKCGAMSTPI>T<RDGTGHYI£NACGLYHra&'GimmJKPQR^ 
RECV^GAMSTPI^WRRTXjTGHYIjCNACGLYHXlA'GINRPLIKPQRRLSASPJSVG^ 
RECVWCAMSTPIMPifflGTGKYIOaraLYKKl&'GINRPL^ 
jgCVKCGAKSTPI^TOreTGHYICTACGLYMqA'GimPLIKPQ 
r RECTOCGAl4STPLwiicOTGliYl^ 



Goose GATA-4 
Gallus gallus GATA-4 
Heleagris gallopavo GATA-4 
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Goose GATA-4 
Gallus gallus GATA-4 
Moleagris gallopavo GATA-4 
Taeniopygia guttata GATA-4 
Homo sapiens GATA-4 
Bos taurus GATA-4 
Rattus norvegicus GATA-4 
Mus musculus GATA-4 
Danio rerio GATA-4 
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Fig. 1. Amino acid sequence alignments of GATA-4 and GATA-6 sequences from the goose and other species. The GATA-4 and GATA- 
6 amino acid sequences used for analysis were extracted from the GenBank database for the following species: Gallus gallus 
(GATA-4, XP_420041.1; GATA-6, NP_990751.1); Meleagris gallopavo (GATA-4, XP_003204668.1; GATA-6, XP_003205043.1); 
Taeniopygia guttata (GATA-4, XP_002186842.1; GATA-6, XP_002194999.1); Bos taurus (GATA-4, NP_001179806.1; GATA-6, 
XP_001253597.2); Homo sapiens (GATA-4, NP_002043.2; GATA-6, NP_005248.2); Rattus norvegicus (GATA-4, NP_653331.1; 
GATA-6, NP_062058.1); Mus musculus (GATA-4, NP_032118.2; GATA-6, NP_034388.2); and Danio rerio (GATA-4, NP_571311.1; 
GATA-6, NP 571632.1). The black blocks represent identical residues between the sequences shown, while the red boxes represent zinc 
finger domains. A: A multiple amino acid sequence alignment of GATA-4. B: A multiple amino acid sequence alignment of GATA-6. 
The black boxes represent the 5 '-upstream sequences in Taeniopygia guttata, Homo sapiens, Bos taurus and Mus musculus, which have 
an extra amino-terminal extension from the initiator methionine, thus belonging to the long type of GATA-6, and all other species belong 
to the short type of GATA-6. C: A phylogenetic tree of the amino acid sequences of GATA-4 and GATA-6 was constructed using the 
neighbor-joining method (1000 bootstrap replicates). 



The expression level of GATA-4 mRNA in granulosa cells was 
downregulated during follicle development; the expression reached 
its peak in 8-10 mm follicles and was lowest in the Fl follicles 
(Fig. 4A). However, GATA-6 was upregulated and reached its peak 
expression in the Fl follicles (Fig. 4B). 



Discussion 

Little is known about the molecular roles of GATA-4 and GATA-6 
in geese. This study is the first to report the structures, expression 
patterns and possible functions of GATA-4 and GATA-6 during 
goose follicle development. We obtained the full-length coding 
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Goose GATA-6 
Gallus gallus GATA-6 
Meleagris gallopavo GA.TA-6 
Taeniopygia guttata GATA-6 
Homo sapiens GATA-6 
Bos taurus GATA-6 
Rattus norvegicus GATA-6 
Mus mus cuius GATA-6 
Danio rerio GATA-6 



Goose GATA-6 
Gallus gallus GATA-6 
Meleagris gallopavo GATA-6 
Taeniopygia guttata GATA-6 
Homo sapiens GATA-6 109 
Bos taurus GATA-6 111 
Rattus norvegicus GATA-6 1 
Mus musculus GATA-6 109 
Danio rerio GATA-6 1 
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Homo sapiens GATA-6 
Bos taurus GATA-6 
Rattus norvegicus GATA-6 
Mus musculus GATA-6 
Danio rerio GATA-6 
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sequences of goose GATA-4 and GATA-6, which consist of 1236 
and 1104 nucleotides andencode411 and 367 amino acid proteins, 
respectively. The predicted amino acid sequences of goose GATA-4 
and GATA-6 contain two adjacent zinc finger domains and associated 
basic domains that are characteristics of this transcription factor 
family [3]. 

It has been well established that GATA-6 has an extra amino- 
terminal extension from the initiator methionine and can use two 
Met-codons in frame as translational initiation codons, forming a 
short open reading frame (uORF) in the entire upstream sequence; 
therefore, this led to the long-type and short-type GATA-6 proteins 
[22-24]. Through multiple amino acid sequence alignments of 
GATA-6, we found that the GATA-6 protein in the goose, Gallus 
gallus and Meleagris gallopavo is the short type, while the GATA-6 
protein in Taeniopygia guttata has an extra amino-terminal extension 
from the initiator methionine and forms the long type. To date, the 
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Fig. 2. A: Amino acid sequence alignment of the zinc finger domains between goose GATA-4 and GATA-6. The black blocks represent 
identical residues between the zinc finger domains shown, while the red boxes represent the distinct form (CVNC-X^-CNAC)- 
X 2 9-(CANC-X ]7 -CNAC). B: The phosphorylation sites in goose GATA-4 and GATA-6 proteins were predicted by Scansite 3. The 
GATA-4 protein contains two phosphorylation sites located at amino acid positions 87 (S 87 ) and 233 (S 233 ). No sites were found in 
goose GATA-6. C: Mapping of the phospho-residue reveals that the GATA-4 protein contains a species-conserved PKA consensus 
phosphorylation site located within the zinc finger region. 
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Healthy follicles Atretic follicles Postovulatory follicles 



Fig. 3. Relative expression levels of GATA-4 and GATA-6 mRNAs in 
three types of follicles. The expression values were normalized to 
P-actin and 18S and were compared using the 2 A (-AACt) method. 
The data are represented as the mean ± SD (n=3). **, # Values are 
significantly different compared with healthy follicles in GATA-4 
and GATA-6 relative expression, respectively (P<0.01). 



functional significance of the two forms of GATA-6 remains to be 
investigated. 

However, the phosphorylation of GATA-4 has been the best 
studied posttranslational modification to date; in vitro experiments 
have revealed that the phosphorylation level of GATA-4 rises rapidly 
when induced by cAMP and that is mediated by PKA the pathway 
[16]. Phosphorylation increases the DNA-binding of GATA-4 and 
enhances its transcriptional properties on multiple gene promoters. 
Recent research has indicated that the GATA-4-dependent genes 
in the ovary include steroidogenic acute regulatory protein (StAR) 
[25], P-450 aromatase (CYP19A1) [26], P-450 side-chain cleavage 
enzyme (CYP1 1 Al) [27], gonadotropin-releasing hormone receptor 
(GnRHR) [28], inhibin-a [29] and bcl-2 [30]. Through online 
prediction and mapping, goose GATA-4 might be phosphorylated 
predominantly on S 233 , which is located within a consensus motif 
(RRXS(T)Y) [31] for PKA phosphorylation. This phosphorylated 
site is highly conserved among several species. However, we did 
not find a phosphorylated site in goose GATA-6, and no reports 
have indicated GATA-6 target genes in the ovary. Although GATA 
factors universally recognize a GATA sequence element, subtle 
differences in the GATA core DNA motif might promote differential 
DNA-binding activity among co-expressed GATA family members 
within a specific tissue [32]. 

In this study, we demonstrated that GATA-4 and GATA-6 mRNAs 
are co-expressed in goose follicles. Compared with mammals, poultry 
do not have corpora lutea, which form in postovulatory follicles after 
ovulation. Our results indicate that the relative mRNA expression 
level of GATA-4 in healthy follicles is significantly higher than in 
atretic follicles or postovulatory follicles (P<0.01). The opposite 
expression pattern occurred for GATA-6 mRNA, and the level was 
lower than in atretic follicles or postovulatory follicles (P<0.01). The 
reverse expression patterns may indicate that GATA-4 and GATA-6 
have different functions in goose follicles. Previous studies have 
reported that the GATA-4 expression level was lower in the corpus 
luteum compared with in follicles, whereas GATA-6 was abundantly 
expressed in both structures in rats and mice [10, 11], which agrees 
with the findings of studies conducted in humans and pigs [13, 
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Fig. 4. A: Relative expression level of GATA-4 mRNA in granulosa 
and theca cells in different sized follicles. B: Relative expression 
level of GATA-6 mRNA in granulosa and theca cells in different 
sized follicles. The expression values were normalized to P-actin 
and 18S and were compared using the 2 A '~ AACt) method. The 
data are presented as the mean ± SD (n=3). The lowercase letters 
indicate significant differences (P<0.05). 



14]. Moreover, GATA-4 has been associated with the inhibition of 
apoptosis in cardioblasts and cardiac muscle cells [33, 34]; therefore, 
goose GATA-4 may play a role in inhibiting ovarian cell apoptosis. 

In addition, we found that GATA-4 and GATA-6 mRNAs are 
primarily expressed in granulosa cells and weakly expressed in 
theca cells. The expression level of GATA-4 mRNA decreased in 
granulosa cells during follicle development; the expression reached 
its highest point in 8-10 mm follicles and its lowest level in the Fl 
follicles. In both mouse and human granulosa cells, the expression 
level of GATA-4 is correlated with cell proliferation activity and 
low levels of apoptosis [11], and GATA-4 can regulate bcl-2 and 
inhibin-a, which are capable of blocking the induction of granulosa 
cell apoptosis [30, 35, 36]. In the goose ovary, selection of a single 
follicle into the preovulatory follicle occurs from a small cohort of 
the largest prehierarchical follicles measuring approximately 8 to 10 
mm in diameter [37]. The expression level of GATA-4 in granulosa 
cells was highest at this stage. In the goose Fl follicle, the rapid 
downregulation of GATA-4 precedes physiological apoptosis in 
the ovulating follicle. Overexpression of GATA-4 protects human 
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granulosa cell tumors from TRAIL-induced apoptosis in vitro, whereas 
the disruption of GATA4 function induces apoptosis and potentiates 
the apoptotic effect of TRAIL administration [38], suggesting that 
GATA-4 could act as a prognostic marker of granulosa cells [39]. 

The changes in the expression level of GATA-6 mRNA were the 
opposite of those of GATA-4 in granulosa cells. The expression 
level of GATA-6 mRNA increased during follicle development and 
reached its highest point in Fl follicles. GATA-6 has been shown to 
induce cell cycle quiescence and differentiation in vascular smooth 
muscle cells [40, 41]; thus, the highest expression level of GATA-6 
in the Fl follicle may help to mediate the terminal differentiation 
of granulosa cells into postovulatory follicles. Previous studies 
indicated that the GATA-4 expression level in rodent granulosa 
cells is usually downregulated in follicles undergoing atresia, while 
GATA-6 expression is retained at this stage [10]. After ovulation, 
GATA-4 mRNA and protein dramatically decreases in the murine 
ovary, while the expression of GATA-6 mRNA is strongly expressed 
[11, 42], However, whether the decreased expression of GATA-4 
and increased expression of GATA-6 could be used as a marker for 
granulosa cell apoptosis is unclear. 

In conclusion, the present study provided evidence for the existence 
of two members of the GATA family in goose follicles and indicated 
that both GATA-4 and GATA-6 are needed to ensure proper follicle 
growth. The molecular structural differences of goose GATA-4 
and GATA-6 may be related to their different roles during follicle 
development. GATA-6 may be important for normal ovarian functions, 
and we identified that the goose GATA-6 protein is the short-type 
form. These results provide valuable insight to help understand the 
functions of GATA-6 in goose follicles and are helpful for identifying 
putative target genes and determining the binding sites in vitro. 
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